Introduction -2nd paragraph: Household dust is not considered to be an important source of cadmium exposure, suggest to remove or support this statement with a reference. -Page 4, Line 8-9: A study has also confirmed that the cerebral cortex is a target of cadmium toxicity. Please state whether this was an animal study or an in vitro study. -When summarizing previous studies of cadmium exposure and cognition in elderly, please state the sample size, level of exposure and land of origin of each study to make this section more informative for the reader.
Methods
Measurement of blood cadmium levels -Blood samples were collected by venous in vials? Please correct the language and if possible please state what type of blood collection tubes that were used. -What is appropriate frozen conditions, please specify. -Please provide a reference that describes the ICPMS method that was used.
What do the authors mean by the "lower" detection limit? Also, report how many samples that were below the respective LODs.
Results of the reference materials used to ensure the accuracy of the ICPMS analyses should be reported.
Covariates -Is smoke really the correct phrase to use here, perhaps tobacco smoking would be more informative. The same applies to drink, I assume that the authors are referring to alcohol intake or? Also, is the unit correct for this variable? -Also, should stroke patients really be included in the present study as this outcome can sometimes have a very large impact on cognitive function, and merely adjusting for this factor might not be sufficient? I suggest to exclude them or conduct sensitivity analys es with and without these individuals.
Statistical analyses -
Since we merged 2011-2012 and 2013-2014 survey years, the new weights were calculated…. Can the authors please clarify the term "new weights". -State if blood cadmium was normally distributed or not. Also, how was normally distributed residuals ensured in the multiple linear regression analyses. -Suggest to add p for trend when including blood cadmium in quartiles.
Please clarify which confounders/covariates that were included in the multiple linear regression analyses and how these were selected. Table 2 : please define what Statistic is. -Page 10: I suggest not to abbreviate poverty-income ratio, as this merely creates confusion for the reader. -Page 10: In addition, the association still exists in model 3 adjusted for blood cadmium…. Blood cadmium is not one of the covariates, so I suggest to rephrase. - Table 3 and 4: The number of individuals drop by each model, indicating that there is missing information. This becomes problematic when making statements as to whether the Beta´s are changing when adding additional covariates Since a change can be due to the drop in individuals instead of the actual covariate adjustment. The STROBE criteria state that the authors should explain how missing data was handled, and this have not been done (should be explained in the statistical section). Suggest to either use complete subject analyses, missing categories, or some sort of the multiple imputation technique so solve this issue.
Results

-
Discussion -
Suggest to skip the subheadings in the Discussion. -Instead of starting the Discussion with a comparison of blood cadmium concentrations, I suggest to start off with a short summary of the key findings (currently the 2nd paragraph) and thereafter put the exposure into a context. -Please use the same unit of blood cadmium, do not mix µg/l and µg/dl. It would also be informative to compare with blood cadmium concentrations outside US, to able to decide if other populations may be at risk. -Page 16: Suggest to remove the section on cadmium exposure and cognitive function in children as this is not the topic of this study. Instead focus on comparing with other similar studies in elderly. -Page 17: What is AD group, please clarify. -Page 17: Suggest to remove reference 27, using cadmium in drinking water as a proxy of exposure is very unreliable, as exposure occurs mainly via food and tobacco smoke, so it is not strange that no association was found. Instead it is better to only focus on studies that does actually support your findings.
-A paragraph about the public health relevance of the presents findings would be very informative. Also, would it be possible to say something about the effect size, big or small?
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GENERAL COMMENTS
Overall the paper had numerous grammatical errors and would benefit from a services from a professional editorial service.
The authors state: "Animal experiments find that cadmium can enter the central nervous system through the olfactory pathway", but gives other sources of cadmium that can enter the body through different routes of exposure. How does these routes of exposure effect the neurotoxicity of cadmium?
In the introduction the mechanism of neurotoxicity for cadmium needs to be clarified and expanded upon, especially the importance of cadmium increasing the BBB.
Throughout the manuscript the direction of the relationships need to be specified.
In the introduction, sample sizes and estimates need to be included when discussing the relationships between cadmium and outcome. Additionally, geographic location needs to be included since the population used in this analysis is restricted to the US.
In the introduction, sufficient justification for the need and novelty of this study is not provided.
The description of why NHANES is representative is inaccurate.
A reasoning and justification of using a composite z -score for cognitive functioning is needed. Along with strengths and limitations for using the composite z-score.
The reference cited for the construction of the weight variable pertains to NHANES 1999-2010, yet the authors are using NHANES data after 2010. Are the guidelines still relevant to later datasets? Is a more current reference available?
In NHANES 2013-2014, blood cadmium was only assessed in a subsample of adults. This was not adequately addressed in the method sections. Additionally, the weights used should correspond to the smallest subgroup. Table 1 comes after Table 3 .
The methods used for Table 2 are not clear and clarification of which statistics are being presented for which group is needed.
The LOD changes from cycle to cycle, how was this addressed? Because the LOD/sqrt 2 was imputed for values below the LOD, biomarkers are skewed. How did the authors address skewness?
How missingness was handled was not adequately addressed. The sample size given in the text did not match the sample sizes provided in the various models presented in table 3.
Greater explanation of why the variables were chosen as covariates is needed with references. What is meant by drinks?
It is not clear what criteria is being used for significance.
Did the authors consider controlling for other neurotoxicants such as lead?
The discussion reads more like a literature review. Statements need to be applied to the results presented in the study. The following statement needs to be clarified and explained more thoroughly: "The reason for the difference in results may be due to different biological samples, sample sizes, and covariates adjusted in models."
There is a suggestion of trend with the quartiles. Ye the difference between models and the fact that most of the quartiles are not significant is not addressed. Can you say there is a trend? Was a trend tested for?
Limitations are not adequately addressed. There are more limitations to this study then the cross-sectional nature of NHANES.
VERSION 1 -AUTHOR RESPONSE
Respond to the Editor: Associations between blood cadmium levels and cognitive function in a crosssectional study of US adults aged 60 years old or above (Manuscript ID: bmjopen-2017-020533) First we would like to thank you for your helpful comments with detailed suggestions, which helped us to improve the paper. We really benefited a lot according to your suggestions. The following is a pointby-point response to each issue of your comments and suggestions. The main changes in the revised version are highlighted by yellow color.
-The Strengths and Limitations section should be formatted into up to five bullet points. We are grateful for your advice. The Strengths and Limitations section has been formatted into three bullet points in the paper now:
Strengths and limitations of this study We created a composite cognitive z-score representing global cognitive function to minimize the floor or ceiling effect of a single cognitive test and control for a range of factors that are known to affect cognitive function in our models.
Our sample is very large and representative. Therefore, the association between cognitive function and cadmium exposure is more reliable. This study is cross-sectional, which restricts our assessments of the temporal relationships of the associations.
Respond to the Reviewer 1: Associations between blood cadmium levels and cognitive function in a cross-sectional study of US adults aged 60 years old or above (Manuscript ID: bmjopen-2017-020533) First we would like to thank you for your helpful comments with detailed suggestions, which helped us to improve the paper. We really benefited a lot according to your suggestions. The following is a pointby-point response to each issue of your comments and suggestions. The main changes in the revised version are highlighted by yellow color. Abstract 1. In the result section please state the direction of the association, for example: In linear regression analyses, adjusted for……, blood cadmium was inversely associated with the composite z score (µg/L , Beta: -0.11…). Thank you for your suggestion and the following statement now appears in the paper: In linear regression analyses, adjusting for demographics, behaviour, and medical history, blood cadmium as a continuous variable was inversely associated with the composite z -score (μg/L, β=-0.11, 95% confidence interval [CI] : -0.20, -0.03). 2. When the authors compare the difference between the different cadmium quartiles it would be very informative to also provide p for trend. We are grateful for your advice. Now p for trend are provided in the paper： Similarly, there was a significant association between quartiles of blood cadmium and composite zscore, with somewhat lower scores in the upper quartile of exposure (blood cadmium ≥ 0.63 μg/L) compared with those in the lower quartile of exposure (blood cadmium < 0.25 μg/L) (μg/L, β=-0.14, 95% CI: -0.25, -0.03), and there was a trend by quartiles of blood cadmium (P<0.0001). Introduction 3. 2nd paragraph: Household dust is not considered to be an important source of cadmium exposure, suggest to remove or support this statement with a reference. Thank you for your suggestion and household dust is removed. Now the following statement appears in the paper: Food and tobacco smoke are the main sources of cadmium in the body. 4. Page 4, Line 8-9: A study has also confirmed that the cerebral cortex is a target of cadmium toxicity. Please state whether this was an animal study or an in vitro study. Thank you for pointing the important issue and the following statement now appears in the paper: An in vitro study also confirmed that the cerebral cortical neurons are targets of cadmium toxicity. 5. When summarizing previous studies of cadmium exposure and cognition in elderly, please state the sample size, level of exposure and land of origin of each study to make this section more informative for the reader.
Thank you for pointing these important issues and the following statement now appears in the paper: In a cross-sectional study of 125 older people (age range 50-82 years) in Brazil, blood cadmium (mean, 0.90 μg/L) was negatively associated with working memory capacity (14) . A large Chinese cohort study of 188 elderly individuals also reported a negative relationship between plasma cadmium levels (mean, 1.75 μg/L) and cognitive scores in rural populations(15). Methods Measurement of blood cadmium levels 6. Blood samples were collected by venous in vials? Please correct the language and if possible please state what type of blood collection tubes that were used. Thank you for pointing these important issues and the following statement now appears in the paper: Blood samples were collected from participants by venipuncture in prescreened vials or vacuum tubes. 7. What is appropriate frozen conditions, please specify. Thank you for pointing these important issues and the following statement now appears in the paper: After collection, the samples were transported and stored at a temperature of 4°C until receipt by the processing laboratory; the samples were then kept at -20°C until analysis. 8. Please provide a reference that describes the ICPMS method that was used. Thank you for your suggestion and the references that describes the ICPMS method are provided in the paper: Whole blood cadmium concentrations were determined using inductively coupled plas ma mass spectrometry after a simple dilution sample preparation step. Further methodological details on the laboratory analyses are described elsewhere(23,24). 9. What do the authors mean by the "lower" detection limit? Also, report how many samples that were below the respective LODs. Thank you for pointing these important issues. "The lower detection limits" had been changed to "The limits of detection (LOD)". "A total of 107 (5%) of participants had measurements below the LOD." had been reported in the paper now. 10. Results of the reference materials used to ensure the accuracy of the ICPMS analyses should be reported. Thank you for your suggestion. Results of the reference materials used to ensure the accuracy of the ICPMS analyses had been reported in the NHANES files. We provide these files in the paper now: Further methodological details on the laboratory analyses are described elsewhere(23,24). Covariates 11. Is smoke really the correct phrase to use here, perhaps tobacco smoking would be more informative. The same applies to drink, I assume that the authors are referring to alcohol intake or? Also, is the unit correct for this variable? Thank you for pointing these important issues. "smoke" and "drink" had been changed to "tobacco smoking" and "alcohol consumption" respectively. In the NHANES, we use the question "Had at least 12 alcohol drinks/1 year?" to assess alcohol consumption. By a drink, we mean a 12 oz. beer, a 5 oz. glass of wine, or one and half ounces of liquor. The unit is correct for alcohol consumption. 12. Also, should stroke patients really be included in the present study as this outcome can sometimes have a very large impact on cognitive function, and merely adjusting for this factor might not be sufficient? I suggest to exclude them or conduct sensitivity analyses with and without these individuals. Thank you for your suggestion. We conducted sensitivity analyses with and without individuals who had suffered a stroke. The results of sensitivity analyses are added in the paper now: Table 5 presents the results of sensitivity analyses. Excluding individuals who suffered a stroke, blood cadmium as a continuous variable was also inversely associated with the composite z-score adjusted for age, gender, ethnicity, education, poverty-income ratio, marital status, alcohol consumption, diabetes, hypertension, and coronary heart disease (μg/L, β= -0.12, 95% CI: -0.20, -0.04). Similarly, the highest quartile was inversely associated with the composite z -score (μg/L, β= -0.13, 95% CI: -0.23, -0.03). The trend still existed moving from the lowest quartile to the highest quartile (P trend =0.0107). Table 5 Association between blood cadmium levels and cognitive function (composite z-score) excluding individuals who suffered a stroke (N=1636): NHANES 2011-2014a. Blood cadmium (μg/L) β and 95% CI b P value P trend Cadmium as continuous -0.12 (-0.20, 0.04) 0.0060 --Cadmium as categorical 0 ~ referent referent 0.0107 0.25~ 0.04 (-0.05,0.13) 0.3579 0.38~ -0.04 (-0.15,0.08) 0.5067 0.63~3.60 -0.13 (-0.23, 0.03) 0.0159 a Adjusted for age, gender, ethnicity, education, PIR, marital status, alcohol consumption, diabetes, hypertension, and coronary heart disease. b Weighted β and 95% confidence interval (CI). Statistical analyses 13. Since we merged 2011-2012 and 2013-2014 survey years, the new weights were calculated…. Can the authors please clarify the term "new weights". Thank you for pointing the important issue. According to NHANES Analytic Guidelines, when merging two cycles of data, we need to recalculate weights. In order to facilitate understanding, the following statement now appears in the paper: Since we merged 2011-2012 and 2013-2014 survey cycles, weights for combined NHANES survey cycles were calculated according to the NHANES file(25). 14. State if blood cadmium was normally distributed or not. Also, how was normally distributed residuals ensured in the multiple linear regression analyses. We are grateful for your advice. We consulted with experts in biostatistics and reviewed a lot of literature. It is a prerequisite for multiple linear regression that the dependent variable satisfies the normality. We conducted a normality test of the dependent variable (composite z-score), reported the results of the normality test, and ensured that the residual distribution was normal in the multiple linear regression. Additionally, all our analyses are weighted and the weighted samples are large. In the case of large samples, according to the central limit theorem, the sampling distribution is normal, no matter the distribution of blood cadmium is normal or not. Therefore, we only reported the normality of the dependent variable (composite z-score) in the paper. 15. Suggest to add p for trend when including blood cadmium in quartiles. Thank you for your suggestion and p for trend is added now in the paper: Statistical tests for linear trends were conducted by modelling quartiles as an ordinal variable using integer values and p-value for trend based on the Wald test. 16. Please clarify which confounders/covariates that were included in the multiple linear regression analyses and how these were selected. Thank you for pointing these important issues and the following statement now appears in the paper: Significant covariates in univariate analyses were included in the multiple linear regression. The multiple linear regression models were used to assess the association between blood cadmium as a continuous variable and composite z-score adjusted for age, gender, ethnicity, education, povertyincome ratio, marital status, alcohol consumption, diabetes, hypertension, stroke, and coronary heart disease. Results 17. Table 2 : please define what Statistic is. Thank you for your suggestion. The statistic is now defined in 18. Page 10: I suggest not to abbreviate poverty-income ratio, as this merely creates confusion for the reader. Thank you for your proposal. We have replaced "PIR" with "poverty-income ratio". 19. Page 10: In addition, the association still exists in model 3 adjusted for blood cadmium…. Blood cadmium is not one of the covariates, so I suggest to rephrase. Thank you for pointing out the mistake. We have removed the "blood cadmium". 20. Table 3 and 4: The number of individuals drop by each model, indicating that there is missing information. This becomes problematic when making statements as to whether the Beta´s are changing when adding additional covariates Since a change can be due to the drop in individuals instead of the actual covariate adjustment. The STROBE criteria state that the authors should explain how missing data was handled, and this have not been done (should be explained in the statistical section). Suggest to either use complete subject analyses, missing categories, or some sort of the multiple imputation technique so solve this issue.
Thank you for pointing these important issues. We explain how missing data was handle in the paper now: We used complete subjects for analyses, and those who had missing data on covariates were excluded from the multiple linear regression. Discussion 21. Suggest to skip the subheadings in the Discussion. We are grateful for your advice. And we have removed the subheadings in the Discussion. 22. Instead of starting the Discussion with a comparison of blood cadmium concentrations, I suggest to start off with a short summary of the key findings (currently the 2nd paragraph) and thereafter put the exposure into a context. Thank you for pointing out the important issue. We have started the Discussion with the key findings of the current study in the paper now: In this study of US adults aged 60-80 years, we found a significant inverse association between blood cadmium levels and cognitive function scores, and this correlation did not change after controlling for potential confounding factors. The average concentration of blood cadmium was 0.50 μg/L in our study. A study analysing data from the 1999-2004 US NHANES adults aged over 40 years found that the mean blood cadmium concentration was 0.59 μg/L (0.54, 0.63)(26). Another study of Swedish elderly people with a mean age of 87 years reported a mean blood cadmium level of 0.49 μg/L(27). The median (IQR) concentration of blood cadmium in our study was 0.35 μg/L (0.24, 0.56). A cross -sectional study using data from the third US NHANES with adults over 60 years old found that the median (IQR) concentration of blood cadmium was 0.39 μg/L (0.29, 0.49)(28). Thus, it can be seen that the level of blood cadmium in this study is consistent with previous studies. 23. Please use the same unit of blood cadmium, do not mix µg/l and µg/dl. It would also be informative to compare with blood cadmium concentrations outside US, to able to decide if other populations may be at risk. We are particularly grateful for this suggestion. We have unified the unit into "µg/L" and a literature on Swedish elderly people have been added. The new statements now appear in the paper: The average concentration of blood cadmium was 0.50 μg/L in our study. A study analysing data from the 1999-2004 US NHANES adults aged over 40 years found that the mean blood cadmium concentration was 0.59 μg/L (0.54, 0.63)(26). Another study of Swedish elderly people with a mean age of 87 years reported a mean blood cadmium level of 0.49 μg/L(27). The median (IQR) concentration of blood cadmium in our study was 0.35 μg/L (0.24, 0.56). A cross -sectional study using data from the third US NHANES with adults over 60 years old found that the median (IQR) concentration of blood cadmium was 0.39 μg/L (0.29, 0.49)(28). Thus, it can be seen that the level of blood cadmium in this study is consistent with previous studies. 24. Page 16: Suggest to remove the section on cadmium exposure and cognitive function in children as this is not the topic of this study. Instead focus on comparing with other similar studies in elderly. Thank you for your comment. We have removed the detailed description on cadmium exposure and cognitive function in children and the following statement now appears in the paper: The association between cadmium and children's IQ has been recognized in previous studies (10, 29, 11) . 25. Page 17: What is AD group, please clarify. Thank you for your proposal. We have replaced the "AD" with "Alzheimer's disease". 26. Page 17: Suggest to remove reference 27, using cadmium in drinking water as a proxy of exposure is very unreliable, as exposure occurs mainly via food and tobacco smoke, so it is not strange that no association was found. Instead it is better to only focus on studies that does actually support your findings. We are particularly grateful for this suggestion. We have removed reference 27 with a unreliable proxy of exposure. 27. A paragraph about the public health relevance of the presents findings would be very informative. Also, would it be possible to say something about the effect size, big or small? Thank you for pointing out the significant issue. The following statement now appears in the paper: The investigation of the inverse association between blood cadmium and cognitive function is significant. Because cadmium is an accumulative poison, coming primarily from food and tobacco smoke, exposure can be modified through healthy eating and behavioural habits. Such changes will have a vital impact on the improvement of cognitive function in adults aged 60 years or older.
Respond to the Reviewer 2: Associations between blood cadmium levels and cognitive function in a cross-sectional study of US adults aged 60 years old or above (Manuscript ID: bmjopen-2017-020533) First we would like to thank you for your helpful comments with detailed suggestions, which helped us to improve the paper. We really benefited a lot according to your suggestions. The following is a pointby-point response to each issue of your comments and suggestions. The main changes in the revised version are highlighted by yellow color. 1.
Overall the paper had numerous grammatical errors and would benefit from a services from a professional editorial service. We are particularly grateful for this suggestion. Thank you for pointing this important issue. English has been carefully checked and corrected by a English language editing services named 'American Journal Experts'. The language has been polished and some revisions have been made in our paper. We hope the revised version of our manuscript will be more acceptable. 2.
The authors state: "Animal experiments find that cadmium can enter the central nervous system through the olfactory pathway", but gives other sources of cadmium that can enter the body through different routes of exposure. How does these routes of exposure effect the neurotoxicity of cadmium? Thank you for pointing these important issues. It is well known that people are exposed to cadmium in the environment mainly through food and smoking. But the mechanism of cadmium entering the central nervous system is not very clear at present. We reviewed the relevant literature and found two mechanisms. First, animal experiments find that cadmium can be transported directly from the olfactory epithelium to the central nervous system bypassing the blood-brain barrier (BBB). The olfactory route could therefore be a likely way to reach the brain. Second, cadmium can enter the central nervous system by increasing the permeability of the BBB. In order to facilitate understanding, the following statement now appears in the paper: Food and tobacco smoke are the main sources of cadmium in the body. Cadmium exerts its toxic effects not only on the kidneys and bone but also on the central nervous system. Animal experiments revealed that cadmium can be transported directly from the olfactory epithelium to the central nervous system, bypassing the blood-brain barrier (BBB)(5). Additionally, a study showed that rats exposed to oral cadmium for 90 days had enhanced fluorescent dye permeability to the brain. The observed alteration in BBB permeability has been found to be coupled with a widespread depletion in free radical scavenging enzyme activities and other antioxidants in microvessels(6). In addition to increasing the permeability of the BBB, cadmium also accumulated in the choroid plexus, which is an important component of the BBB that can directly damage the general plexus structure, or selectively impair critical regulatory mechanisms(7). 3.
In the introduction the mechanism of neurotoxicity for cadmium needs to be clarified and expanded upon, especially the importance of cadmium increasing the BBB. Thank you for your suggestion and the following statement now appears in the paper: Additionally, a study showed that rats exposed to oral cadmium for 90 days had enhanced fluorescent dye permeability to the brain. The observed alteration in BBB permeability has been found to be coupled with a widespread depletion in free radical scavenging enzyme activities and other antioxidants in microvessels(6). In addition to increasing the permeability of the BBB, cadmium also accumulated in the choroid plexus, which is an important component of the BBB that can directly damage the general plexus structure, or selectively impair critical regulatory mechanisms(7). 4.
Throughout the manuscript the direction of the relationships need to be specified. Thank you for your suggestion. We have specifically described the direction of the relationships in the paper now. 5.
In the introduction, sample sizes and estimates need to be included when discussing the relationships between cadmium and outcome. Additionally, geographic location needs to be included since the population used in this analysis is restricted to the US. Thank you for pointing these important issues and the following statement now appears in the paper: In a cross-sectional study of 125 older people (age range 50-82 years) in Brazil, blood cadmium (mean, 0.90 μg/L) was negatively associated with working memory capacity (14) . A large Chinese cohort study of 188 elderly individuals also reported a negative relationship between plasma cadmium levels (mean, 1.75 μg/L) and cognitive scores in rural populations(15). 6.
In the introduction, sufficient justification for the need and novelty of this study is not provided. Thank you for your suggestion. The relationship between cadmium exposure and cognitive function in the elderly is unclear so far. The sample size is small and many potential factors are not considered in previous research. Our study has a large sample size and adjusts for multiple potential confounders, and it can provide more reliable evidence about the relationship between cadmium exposure and cognitive function. In daily life, cadmium exposure is very common. As the population is ageing rapidly worldwide, it is very meaningful to reveal the relationship between cadmium exposure and cognitive function in the older adults. 7.
The description of why NHANES is representative is inaccurate. Thank you for pointing these important issues and the following statement now appears in the paper: NHANES is a complex, multistage survey of non-institutionalized civilians in the US that combines interviews and physical examinations. The interview includes demographic, socioeconomic, dietary and health-related questions. The examination component consists of medical, dental and physiological measurements, as well as laboratory tests administered by highly trained medical personnel(19). Weights are computed to arrive at a sample that is representative of the US population. 8.
A reasoning and justification of using a composite z -score for cognitive functioning is needed. Along with strengths and limitations for using the composite z -score. Thank you for your suggestion. We added a reason of using a composite z score in the statistical section: Because of the wide range of cognitive function in the elderly population, individual cognitive tests are subject to floor and ceiling effects. To minimize such effects, we created a composite cognitive zscore by using the average of the standardized scores of the four cognitive tests (CE RAD Word List Learning Test, CERAD Word List Recall Test, Animal Fluency Test, and DSST). We also stated the strengths and limitations for using the composite z -score in the discussion section: There are several strengths and limitations in our study. First, we have a large sample size and good representativeness of the subjects. Second, we created a composite cognitive z -score representing global cognitive function to minimize the floor or ceiling effect of a single cognitive test and adjusted for multiple potential confounders in our models. Third, NHANES did not include an occupation code to screen for cadmium-exposure jobs such as smelting, electroplating, pigment manufacture and application, and alkaline battery manufacturing. Fourth, due to the lack of laboratory indicators such as cotinine, we only used self-reported smoking in analyses, which could cause some bias. Fifth, we created a composite cognitive z-score by using the average of the standardized scores of the four cognitive tests, which provided a more complete picture of the relationship between blood cadmium and cognitive function, but limited us in explaining the practical meaning of the effect size. Nevertheless, this study is a cross-sectional study that restricted us in assessing the temporal relationships of the associations.
9.
The reference cited for the construction of the weight variable pertains to NHANES 1999-2010, yet the authors are using NHANES data after 2010. Are the guidelines still relevant to later datasets? Is a more current reference available? Thank you for pointing these important issues. The detailed methods to use weights only introduced in the file of the NHANES Analytic Guidelines 1999-2010, when using NHANES data after 2010, it is recommended to refer to this file. 10.
In NHANES 2013-2014, blood cadmium was only assessed in a subsample of adults. This was not adequately addressed in the method sections. Additionally, the weights used should correspond to the smallest subgroup. Thank you for your suggestion. Our research subjects were older adults aged 60 years or above and only these people were involved in cognitive tests. Then, we selected people who completed blood cadmium measurement and four cognitive tests. We had described this in the data sources and study population section. According to the NHANES file, the weights we used in the paper were corresponded to the smallest subgroup. 11. Table 1 comes after Table 3 . Thank you for your suggestion. According to the submission guidelines of BMJ OPEN, the Table 1 is placed in the paper where it is first cited. 12.
The methods used for Table 2 are not clear and clarification of which statistics are being presented for which group is needed. Thank you for your suggestion. The statistic is now defined in Table 2:  Table 2 Univariate analyses of the association between z -score and covariates (N=2068) The LOD changes from cycle to cycle, how was this addressed? Because the LOD/sqrt 2 was imputed for values below the LOD, biomarkers are skewed. How did the authors address skewness? Thank you for your suggestion. In NHANES, the LOD is different in each cycle, we have provided references of methodological details on the laboratory analyses in the paper now. All our analyses are weighted and the weighted samples are large. In the case of large samples, according to the central limit theorem, the sampling distribution is normal, no matter the distribution of blood cadmium is normal or not. Therefore, we only reported the normality of the dependent variable (composite z-score) in the paper. Additionally, only 107 (5%) participants had measurements below the LOD in this study, which has little effect on our results. 14.
How missingness was handled was not adequately addressed. The sample size given in the text did not match the sample sizes provided in the various models presented in table 3. Thank you for pointing these important issues. We explain how missing data was handle in the paper now: We used complete subjects for analyses, and those who had missing data on covariates were excluded from the multiple linear regression. 15.
Greater explanation of why the variables were chosen as covariates is needed with references. What is meant by drinks? Thank you for your suggestion. We chose the covariates based on previous research. The references are provided in the paper now: We included a variety of covariates based on previous research(14,15) in this study that are thought to be related to cognitive function and/or cadmium exposure. We have replaced "drink" with "alcohol consumption". 16.
It is not clear what criteria is being used for significance. Thank you for pointing these important issues and the following statement now appears in the paper: P-values < 0.05 were considered statistically significant. 17.
Did the authors consider controlling for other neurotoxicants such as lead? Thank you for your suggestion. We did not consider controlling for other neurotoxicants. There are two reasons. First, in our models we have adjusted many covariates, excessive covariates can make the model difficult to explain. Second, it is not clear about interaction between the various heavy metals, blindly included them in the model, could cause results to deviate from the true. We hope that in the future research, we can better study the interaction of these heavy metals. 18.
The discussion reads more like a literature review. Statements need to be applied to the results presented in the study. The following statement needs to be clarified and explained more thoroughly: "The reason for the difference in results may be due to different biological samples, sample sizes, and covariates adjusted in models." Thank you for pointing out these important issues. We have revised the "Discussion" seriously, and all statements are applied to the results of the current study. And the statement above have been clarified more thoroughly and moved to appropriate position, which is convenient to comprehend.
19.
There is a suggestion of trend with the quartiles. Ye the difference between models and the fact that most of the quartiles are not significant is not addressed. Can you say there is a trend? Was a trend tested for? Thank you for your suggestion and p for trend is added now in the paper: Statistical tests for linear trends were conducted by modelling quartiles as an ordinal variable using integer values and p-value for trend based on the Wald test. 20.
Limitations are not adequately addressed. There are more limitations to this study then the cross-sectional nature of NHANES. Thank you for pointing out these important issues. We have adequately described the limitations of this study in the paper now: There are several strengths and limitations in our study. First, we have a large sample size and good representativeness of the subjects. Second, we created a composite cognitive z -score representing global cognitive function to minimize the floor or ceiling effect of a single cognitive test and adjusted for multiple potential confounders in our models. Third, NHANES did not include an occupation code to screen for cadmium-exposure jobs such as smelting, electroplating, pigment manufacture and application, and alkaline battery manufacturing. Fourth, due to the lack of laboratory indicators such as cotinine, we only used self-reported smoking in analyses, which could cause some bias. Fifth, we created a composite cognitive z-score by using the average of the standardized scores of the four cognitive tests, which provided a more complete picture of the relationship between blood cadmium and cognitive function, but limited us in explaining the practical meaning of the effect size. Nevertheless, this study is a cross-sectional study that restricted us in assessing the temporal relationships of the associations. We are particularly grateful for your helpful suggestions and valuable comments, which truly improve the English expression of our manuscript. We hope these respons es have addressed your main concerns and the revised version of our manuscript will be more acceptable by "BMJ OPEN".
In this version it is stated that complete subject analysis is applied, but in Table 3 and 4 the number of individuals between Model 1 and 4 still decreases, is the number the same in all models and the heading has just not been altered or? In complete-subject analyses the n in all models should be the same.
Page 24, last line: I suggest to add information about blood Cd levels in another population, however, this sentences does not fit in here so perhaps better to remove. Also, if comparisons should be made it should be with more populations than just a Swedish population.
Page 26, end of 2nd paragraph about potential mechanisms: Please clarify why the impact of cadmium on ROS and intracellular cation homeostasis is of importance for cognitive decline.
Page 27, 1st line in the last paragraph: The investigation of the inverse association between blood cadmium and cognitive function is significant. Significant for what? The sentence feels a bit uncompleted.
REVIEWER
Jennifer Przybyla Federal Government, USA REVIEW RETURNED 10-Jan-2018
GENERAL COMMENTS
It is still unclear in the manuscript which NHANES sampling weights the author used and why. This information will be helpful in case readers want to replicate your study.
VERSION 2 -AUTHOR RESPONSE
Respond to the Reviewer 1: Associations between blood cadmium levels and cognitive function in a cross-sectional study of US adults aged 60 years or older (Manuscript ID: bmjopen-2017-020533. R1)
First we would like to thank you for your helpful comments with detailed suggestions, which helped us to improve the paper. We really benefited a lot according to your suggestions. The following is a pointby-point response to each issue of your comments and suggestions. The main changes in the revised version are highlighted by yellow color. Introduction 1. Additionally, a study showed that rats exposed to cadmium orally… Please add the dose of cadmium used in this animal experiment.
Thank you for your suggestion. We have added the dose of cadmium used in this animal experiment in the paper now:
Additionally, a study showed that rats exposed to 10 p.p.m. cadmium (CdCl2 salt) in drinking water for 90 days had enhanced fluorescent dye permeability to the brain.
2. Suggest to rephrase this sentence slightly so that the reader understands that this is another study, not related to the studies already presented above: In addition to increasing the permeability of the BBB, cadmium has also been shown to accumulate…………
We are grateful for your advice. We have rephrased this sentence according to your suggestion and the following statement now appears in the paper:
In addition to increasing the permeability of the BBB, cadmium has also been shown to accumulate in the choroid plexus, which is an important component of the BBB that can directly damage the general plexus structure, or selectively impair critical regulatory mechanisms(7).
3. An in vitro study also confirmed that the cerebral cortical neurons are targets of cadmium toxicity (9). Again please add information about the dose of cadmium.
Thank you for your suggestion. We have added the dose of cadmium in the paper now:
An in vitro study also confirmed that the cerebral cortical neurons exposed to 5 μm, 10 μm or 20 μm cadmium are targets of cadmium toxicity(9).
4. A large Chinese study of 188 elderly individuals…., suggest to remove large since 188 participants is a small-scale study. Also, remove in rural populations at the end of t he sentence.
Thank you for your suggestion. We have removed "large" and "in rural populations" according to your suggestion and the following statement now appears in the paper:
A Chinese cohort study of 188 elderly individuals also reported a negative relationship between plasma cadmium levels (mean, 1.75 μg/L) and cognitive scores(15).
5. Page 8, at the top: Remove PIR as this abbreviation is no longer used.
Thank you for your suggestion. We have removed PIR.
6. In this version it is stated that complete subject analysis is applied, but in Table 3 and 4 the number of individuals between Model 1 and 4 still decreases, is the number the same in all models and the heading has just not been altered or? In complete-subject analyses the n in all models should be the same.
Thank you for pointing these important issues. I'm sorry that our statement is a bit of a problem. In order to respect the objectivity of the original data, we did not deal with the missing data. In model 1, covariates were not included and the sample size was 2068. In model 2, the demographic variables were included as covariates, and the sample size was reduced to 1882 due to the lack of data on covariates such as education level, poverty income ratio and material status. In Model 3, two covariates of alcohol consumption and tobacco smoking were added. Since these two covariates had missing data, the sample size was reduced to 1852. Similarly, in model 4, due to the absence of data on medical history, the sample size was reduced to 1757. Now the following statement appears in the paper:
In each model, those who had missing data on covariates were excluded from the multiple linear regression.
7. Page 24, last line: I suggest to add information about blood Cd levels in another population, however, this sentences does not fit in here so perhaps better to remove. Also, if comparisons should be made it should be with more populations than just a Swedish population.
Thank you for your suggestion. We have removed this sentence. Among similar populations in the United States, we reported the same levels of cadmium exposure as previous studies. We just wanted to show that our research was true and credible, and the results were reliable. So we did not compare with other populations.
8. Page 26, end of 2nd paragraph about potential mechanisms: Please clarify why the impact of cadmium on ROS and intracellular cation homeostasis is of importance for cognitive decline.
Thank you for your suggestion and the following statement now appears in the paper:
Moreover, studies show that cadmium induces the formation of reactive oxygen species (ROS) (37, 38) . Excessive ROS can cause superoxide reaction of nucleic acid and protein, and make the chromatin concentrate and fragment, also cause inflammation, eventually leading to neuronal damage and death. Other studies suggest that the cytotoxicity of cadmium can be attributable to the interference of cadmium with intracellular cation homoeostasis (39, 40) . Cadmium can up-regulate the internal concentration of calcium in neurons, thereby affecting the synthesis and release of neurotransmitters, eventually leading to neuronal dysfunction(40).
9. Page 27, 1st line in the last paragraph: The investigation of the inverse association between blood cadmium and cognitive function is significant. Significant for what? The sentence feels a bit uncompleted.
We are grateful for your advice. We have modified this sentence and the following statement now appears in the paper:
The investigation of the inverse association between blood cadmium and cognitive function is very significant for putting forward some strategies toward delaying of cognitive function descending of older adults.
Respond to the Reviewer 2: Associations between blood cadmium levels and cognitive function in a cross-sectional study of US adults aged 60 years or older (Manuscript ID: bmjopen-2017-020533. R1)
First we would like to thank you for your helpful comments with detailed suggestions, which helped us to improve the paper. We really benefited a lot according to your suggestions. The following is a pointby-point response to each issue of your comments and suggestions. The main changes in the revised version are highlighted by yellow color.
1. It is still unclear in the manuscript which NHANES sampling weights the author used and why. This information will be helpful in case readers want to replicate your study.
Thank you for pointing the important issue. Following the NHANES Analytical Guidelines, we used the "least common denominator" approach to determine the appropriate sample weight for analyses. Now the following statement appears in the paper:
Following the NHANES Analytical Guidelines(25), the MEC exam sample weights (WTMEC2YR) were used for analyses. Since we merged the 2011-2012 and 2013-2014 survey cycles, weights (WTMEC4YR) for combined NHANES survey cycles were calculated according to the NHANES file(25).
